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(54) [TITLE OF THE INVENTION] LIQUD CRYSTAL DISPLAY 
DEVICE 

(5 7) [ABSTRACT] (modification contained) 

[PROBLEMS TO BE SOLVED] To provide a liquid crystal display 
device which obviates the occurrence of unequal colors in spite of a 
change in a cell gap and with which an inputting person does not 
have a flabby feel. 

[SOLUTION] Color filters 3 having black masks 2 are formed on a 
color filter substrate 1, and an overcoating layer 4 is formed 
thereon. Transparent electrodes 5 are formed on this overcoating 
layer 4 7 and after electrode patterns are formed, a photosensitive 
orientation film 6 consisting of a photosensitive resin is formed. 
Photosensitive Si02 is applied thereon and is subjected to 
patterning, by which spacers 7 are formed. Next, the 
photosensitive orientation film 6 is scanned by controlling the 
irradiation energy and irradiation direction of polarizing UV rays 
and is thus subjected to a photochemical and physical orientation 
treatment. On the other hand, transparent electrodes 5 are 



1 



formed on a counter substrate 9 and electrode patterns are formed. 
Next, an orientation film 10 is formed. The color filter substrate 1 
subjected to the orientation treatment by a rubbing method and the 
counter substrate 9 are stuck to each other via a sealing material, 
and a liquid crystal material 11 is injected therebetween, by which 
the liquid crystal display device is obtained. 
[CLAIMS] 

[CLAIM l] A liquid crystal display device where spacers, which 
control the spacing between a pair of substrates each having an 
orientation film for controlling the orientation of a liquid crystal 
material, are disposed in non-pixel regions only, wherein the 
spacers are columnar and made from a photosensitive resin, and 
the orientation films of at least one of the substrates are subjected 
to an orientation treatment by UV rays. 

[CLAIM 2] The liquid crystal display device of claim 1, wherein the 
spacers exist at the rate of 25 to 50% of the length of each side of a 
pixel. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD WHERE THE INVENTION BELONGS] The 
present invention relates to liquid crystal display devices which are 
used in direct-view display devices including transmission type and 
reflection type, projection display devices, various kinds of data 
processors, and the like. It more specifically relates to a liquid 
crystal display device where spacers, which control the spacing 
between a pair of substrates each having an orientation film for 
controlling the orientation of a liquid crystal material, are disposed 
in non-pixel regions only. 
[0002] 

[PRIOR ART] The liquid crystal display device is constructed by 
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disposing a pair of substrates with a predetermined spacing 
therebetween, at least one of the substrates having light 
penetration, and a liquid crystal material is injected between the 
pair substrates. 

[0003] In order to keep the predetermined spacing, the pair 
substrates are stuck to each other, for example, after spacers are 
dispersedly positioned on the liquid crystal material-side surface of 
the substrate. Consequently, the spacing between the pair 
substrates can be kept to be nearly the size of the spacers. 
Conventionally, the spacers are dispersedly positioned nearly on 
the entire region on the liquid crystal material-side surface of the 
substrate. 

[0004] In the case where the spacers are dispersedly positioned on 
the substrate, when the spacers exist on the regions (pixels) 
actually related to display, they have optical anisotropy different 
from the liquid crystal material, which causes light leakage from 
the spacers, thereby decreasing contrast. 

[0005] In order to solve this problem, it has been suggested to 
position spacers dispersedly only in non-pixel regions. Already 
suggested methods to position spacers dispersedly only in non-pixel 
regions include the method of positioning spacers dispersedly only 
in non-pixel regions by making use of a thermoplastic resin; the 
method of positioning spacers dispersedly only in non-pixel regions 
by making use of potential, and the method of dispersedly 
positioning them in black masks. 
[0006] 

[PROBLEMS THE INVENTION IS GOING TO SOLVE] The method 
of dispersedly positioning spacers only in non-pixel regions by 
making use of a thermoplastic resin is done by forming a 
thermoplastic resin film on the substrate before applying an 
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orientation film, patterning the thermoplastic resin film, and 
dispersing and heating the spacers so as to fix them with adhesion 
on the non-pixel regions only. 

[0007] In this method, when the orientation film is applied by an 
offset printing, a flexography, or other processes, the spacers on the 
substrate may come off while a letter-press plate is pressed against 
the substrate, and the fallen spacers stick to the letter-press plate. 
[0008] When the orientation film is applied on the next substrate, 
the spacers stuck to the letter-press plate are undesirably 
transferred onto the substrate. Since the transferred spacers are 
not fixed on the substrate with adhesion, they come off in the 
subsequent rubbing process and cleaning process. Above all, if the 
spacers are transferred onto pixel regions, the regions where the 
transferred spacers come off have no orientation film thereon. 
[0009] In other words, the orientation film suffers from pin holes, 
and when the liquid crystal display device is completed, the pin 
hole regions on the orientation film make it impossible to align the 
liquid crystal, thereby causing a display failure or a decrease in 
yield. 

[0010] In the rubbing process, the rubbing cloth comes in contact 
with the spacers fixed on the substrate with adhesion, which causes 
the yarn in the part of the rubbing cloth that comes in contact with 
the spacers to be disarranged. The orientation film rubbed by the 
part having the disarranged yarn of the rubbing cloth has 
variations in tilt angle, which causes a display failure when the 
liquid crystal display device is completed. 

[00 11] As another problem, it happens that the spacers fixed on the 
non-pixel regions with adhesion come off during the rubbing, and if 
the rubbing is continued in this condition, the orientation film is 
damaged, thereby causing a display failure and decreasing the 
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yield. 

[0012] The method of dispersedly positioning the spacers only in 
non-pixel regions by making use of potential is done by charging 
the spacers, and charging the pixel regions opposite in polarity to 
the spacers, thereby adhering the spacers to the non-pixel regions. 
[00131 However, since spacers dispersed inside the sealed device 
fall and adhere onto the substrate, if the difference in potential 
between the spacers and the non-pixel regions is small, the spacers 
also adhere onto the pixel regions. As a result, when the liquid 
crystal display device is completed, the spacers existing on the 
pixel regions causes light leakage, which leads to a decrease in 
contrast. 

[0014] In contrast, if the difference in potential between the 
spacers and the non-pixel regions is large, when the liquid crystal 
display device is completed, display failure is caused because of the 
charged spacers and non-pixel regions, thereby decreasing the yield. 
In addition, in the case of an active matrix liquid crystal display 
device, the active element may be broken. 

[0015] In the method of dispersedly positioning the spacers in the 
black masks, rubbing is done after the spacers are fixed in the 
black masks. This makes the rubbing cloth come in contact with 
the spacers fixed on the substrate, which causes the yarn in the 
part of the rubbing cloth that comes in contact with the spacers to 
be disarranged. The orientation film rubbed by the part having 
the disarranged yarn of the rubbing cloth has variations in tilt 
angle, which causes a display failure when the liquid crystal 
display device is completed. 

[0016] The present invention contrived in view of these prior art 
problems has the object of providing a liquid crystal display device 
which has high contrast and obviates the occurrence of unequal 
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colors in spite of a change in a cell gap when a touch panel or the 
like is added for inputting, and with which an inputting person 
does not have a flabby feel. 
[0017] 

[MEANS TO SOLVE THE PROBLEMS] In order to achieve the 
above-mentioned object, the liquid crystal display device of claim 1 
of the present invention is a liquid crystal display device where 
spacers, which control the spacing between a pair of substrates 
each having an orientation film for controlling the orientation of a 
liquid crystal material, are disposed in non-pixel regions only, 
wherein the spacers are pillared and made from a photosensitive 
resin, and the orientation films of at least one of the substrates are 
subjected to an orientation treatment by UV rays. 
[0018] The liquid crystal display device of claim 2 is characterized, 
in the liquid crystal display device of claim 1, in that the spacers 
exist at the rate of 25 to 50% of the length of each side of a pixel. 
[0019] According to the liquid crystal display device of the present 
invention, pillared spacers made from a photosensitive resin are 
formed in non-pixel regions only, and the orientation film is 
subjected to an orientation treatment by ultraviolet rays. This 
eliminates the presence of spacers within the pixel regions, thereby 
preventing light diffusion caused by the spacers, a decrease in 
contrast due to light leakage from the spacers, and other problems. 
[0020] In addition, there is no occurrence of unequal colors in spite 
of a change in a cell gap when a touch panel or the like is added for 
inputting, and an inputting person does not have a flabby feel. 
[0021] The substrate on which the spacers are formed does not need 
to be subjected to an orientation treatment by rubbing. This 
prevents display failure due to rubbing and eliminates the need for 
charging the spacers, thereby avoiding display failure, active 
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element breakage, or other problems resulting from the charged 
spacers. 

[0022] Using a photosensitive resin containing a black pigment 
dispersed as spacers can increase the contrast. 

[0023] Since the spacers exist at the rate of 25 to 50% of the length 
of each side of a pixel, a change in a cell gap can be suppressed 
without causing any problem during the injection of the liquid 
crystal material. 
[0024] 

[EMBODIMENT OF THE PRESENT INVENTION] The embodiment 
of the present invention will be described with reference to Figures 
1 through 3. Figure 1 shows a cross sectional view of the liquid 
crystal display device of the present invention, Figure 2 shows a 
cross sectional view explaining the orientation treatment of the 
liquid crystal display device of the present invention, and Figure 3 
is a plan view explaining the spacers of the liquid crystal display 
device of the present invention. 

[0025] As shown in Figure 1, color filters 3 having black masks 2 
are formed on a color filter substrate 1 made from glass by, for 
example, electro deposition, and an overcoating layer 4 made from 
an acrylic resin is applied on the color filter 3 by spin coating. 
[0026] Transparent electrodes 5 made from ITO are formed as thick 
as 200 nm by, for example, spattering on the overcoating layer 4, 
and after electrode patterns are formed by photolithography, a 
photosensitive orientation film 6 made from an azo-based 
photosensitive polyimide or poly siloxane-based photosensitive 
resin is applied as thick as 40 nm by spin coating. 
[0027] A photo resist is applied as thick as Sum on the 
photosensitive orientation film 6 by spin coating and patterned by 
photolithography to form spacers 7 composed of the photo resist, 
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thereby eliminating the photo resist at least on the pixel regions. 
[0028] The material of the spacers 7 can be a photosensitive epoxy 
resin, photosensitive polyimide, a photosensitive acrylic resin, or 
the like. These materials do not have to be transparent and can be 
colored. Above all, it is preferable to disperse a black pigment to 
make a black color. 

[0029] Next, as shown in Figure 2, the photosensitive orientation 

film 6 is scanned by controlling the irradiation energy and 

irradiation direction of polarizing UV rays 8 and is thus subjected 

to a photochemical and physical orientation treatment. 

[0030] On the other hand, as shown in Figure 1, the transparent 

electrodes 5 made from ITO are formed as thick as 200 nm on the 

counter substrate 9 made from glass by, for example, spattering, 

and electrode patterns are formed by photolithography. 

[0031] Next, the orientation film 10 made from polyimide is formed 

to be 50 nm in thick, and subjected to an orientation treatment by 

rubbing. 

[0032] The color filter substrate 1 subjected to the orientation 
treatment and the counter substrate 9 are stuck to each other via a 
sealing material, and a liquid crystal material 11 is injected 
therebetween so as to obtain a liquid crystal display device. 
[0033] The spacers 7, as shown in Figure 3, exist at the rate of 25 to 
50% of the length of each side of the pixel 12. 

[0034] When the proportion of the spacers 7 is not larger than 25% 
of the length of each side of the pixel 12, it becomes difficult to 
suppress a change in a cell gap, and when a touch panel or the like 
is added for inputting, unequal colors occur and an inputting 
person has a flabby feel. 

[0035] When the proportion of the spacers 7 is not smaller than 50% 
of the length of each side of the pixel 12, it takes time to inject the 
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liquid crystal material 11, which greatly decreases the throughput. 
[0036] Since no spacer exists in the pixel regions as mentioned 
above, it becomes possible to obtain a liquid crystal display device 
which has high contrast and obviates the occurrence of unequal 
colors in spite of a change in a cell gap when a touch panel or the 
like is added for inputting, and with which an inputting person 
does not have a flabby feel. 
[0037] 

[EFFECTS OF THE INVENTION] As described hereinbefore, 
according to the liquid crystal display device of the present 
invention, pillared spacers made from a photosensitive resin are 
formed in non -pixel regions only, and the orientation film is 
subjected to an orientation treatment by ultraviolet rays. This 
eliminates the presence of spacers within the pixel regions, thereby 
realizing a liquid crystal display device with high contrast. 
[0038] In addition, there is no occurrence of unequal colors in spite 
of a change in a cell gap when a touch panel or the like is added for 
inputting, and an inputting person does not have a flabby feel. 
[0039] The substrate on which the spacers are formed does not need 
to be subjected to an orientation treatment by rubbing. This 
prevents display failure due to rubbing and eliminates the need for 
charging the spacers, thereby avoiding display failure, active 
element breakage, or other problems resulting from the charged 
spacers. 

[0040] Using a photosensitive resin containing a black pigment 
dispersed as spacers can further increase the contrast. 
[0041] Since the spacers exist at the rate of 25 to 50% of the length 
of each side of a pixel, a change in a cell gap can be suppressed 
without causing any problem during the injection of the liquid 
crystal material. 
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[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIGURE l] A cross sectional view of the liquid crystal display 
device of the present invention. 

[FIGURE 2] A cross sectional view explaining the orientation 
treatment of the liquid crystal display device of the present 
invention. 

[FIGURE 3] Apian view explaining the spacers of the liquid crystal 
display device of the present invention. 
[EXPLANATION OF REFERENCE NUMBERS] 

1 — color filter substrate 

2 --- black mask 

3 ■-" color filter 

4 overcoating layer 

5 --- transparent electrode 

6 photosensitive orientation film 

7 --- spacer 

8 --- polarized ultraviolet ray 

9 ■-- counter substrate 

10 --- orientation film 

11 --- liquid crystal material 

12 — pixel 



10 



(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 10073827 A 

(43) Date of publication of application: 17 . 03 . 98 



(51) Int. CI 



G02F 1/1339 
G02F 1/1337 
G02F 1/1337 



(21) Application number: 08229590 

(22) Date of filing: 30 . 08 . 96 



(71) Applicant: 

(72) Inventor: 



SHARP CORP 
OGAWA SHINICHI 



(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
display device which obviates the occurrence of unequal 
colors in spite of a change in a cell gap and with which 
an inputting person does not have a flabby feel. 

SOLUTION: Color filters 3 having black masks 2 are 
formed on a color filter substrate 1 and an overcoating 
layer 4 is formed thereon. Transparent electrodes 5 are 
formed on this overcoating layer 4 and after electrode 
patterns are formed, a photosensitive oriented film 6 
consisting of a photosensitive resin is formed. 
Photosensitive Si0 2 is applied thereon and is subjected 
to patterning, by which spacers 7 are formed. Next, the 
photosensitive oriented film 6 is scanned by controlling 
the irradiation energy and irradiation direction of 
polarizing UV rays and is thus subjected to a 
photochemical and physical orientation treatment. On the 
other hand, transparent electrodes 5 are formed on a 
counter substrate 9 and electrode patterns are formed. 
Next, an oriented film 10 is formed. The color filter 
substrate 1 which is subjected to the orientation 
treatment by a rubbing method and the counter substrate 
9 are stuck to each other via a sealing material and a 
liquid crystal material 11 is injected therebetween, by 



which the liquid crystal display device is obtd. 
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